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, a key development in our understanding of their skills was the discovery 2 that, like chimpanzees, capuchins use stone tools for tasks such as cracking open nuts. On page 85, Proffitt et al. 3 report an interesting stone-breaking behaviour observed among wild capuchins of Serra da Capivara National Park in eastern Brazil.
The authors observed capuchins deliberately damaging stones by using a hand-held quartzite cobble stone to violently hammer other quartzite cobbles embedded in a large stone conglomerate structure (Fig. 1) . The stone-smashing activity (captured on video by Proffitt and colleagues) causes several types of stone modification. For example, the action can leave specific impact marks on the two cobbles, or the hand-held hammerstone can fracture, creating chunky pieces or thinner detachments of sharp-edged stone flakes. The small concentrations of modified, broken and flaked stone pieces (known as a lithic assemblage) created by the capuchins' stone-breaking activity could potentially be mistaken for similar lithic assemblages made by early hominins.
Proffitt et al. describe the capuchinproduced lithic assemblages as being created in an unintentional way, because they are a coincidental consequence of the rock smashing. The authors report that the capuchins have never been seen using, or even seemed to be interested in, the stone flakes they produce (see Supplementary Video 1 in Proffitt et al.) . However, Proffitt et al. consider that their capuchin findings are relevant to early-human studies because the process of stone knapping (striking stones together to make a desired stone product) is no longer a hominin-specific activity. Previous evolutionary explanations for the origins of hominin intentional stone modifications have focused on hominin-specific advances, such as changes in hand shape, coordination and cognitive skills. Explaining the origins of intentional stone modifications by early hominins in light of Proffitt and colleagues' interpretation of their results would therefore require alternative hypotheses.
To understand the purpose of a given stonemodification activity, a key factor to consider is intention, a concept in the domain of cognitive psychology that implies having a goal to reach, involving planning and forethought. Similar stone-breakage outcomes can occur through activities that are either unintentional for the capuchins or intentional in the case of early hominins.
The stone-breaking action itself is a physical process subject to the permanent constraints of solid-state physics. Hard-rock conchoidal fracture, which produces flakes rather than shapeless chunks, is governed by the mechanical laws of brittle-material fracture. Conchoidal fracture occurs when two stones are struck together at a tangential angle using a blow strength adapted to the stone density. Such fractures can occur naturally by chance. Animals can smash rocks together in the complex action required to produce conchoidally fractured fragments, regardless of whether or not the stone-smashing activity was carried out with the intention of stone modification.
The ability of New World capuchins to unintentionally produce lithic assemblages should not make us suspicious about any archaeological stone assemblage considered to belong to the African Early Stone Age. Our knowledge about technical behaviours and stone knapping in early-human archaeological
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Stones that could cause ripples
Monkeys have been observed pounding stones and unintentionally forming sharp-edged, tool-like fragments. This deliberate breakage raises questions about the evolution of intentional stone modification. See Letter p.85 3 observed wild capuchin monkeys smashing stones together in Serra da Capivara National Park in Brazil. This process creates stone fragments, including some that have sharp edges and could potentially be used as tools -although the monkeys have not been observed to show interest in using these fragments. D uring cell division, the genome is duplicated by DNA polymerase enzymes. However, each chromosome's ends are incompletely replicated during duplication, because DNA polymerases require an RNA primer 5ʹ to the region being synthesized. This means that the repetitive DNA sequences called telomeres that cap the ends of chromosomes shorten at each division, and this shortening limits the replicative lifespans of most cells. During cancer development, cells acquire the ability to divide indefinitely by circumventing telomere shortening -either by upregulating the enzyme telomerase, which extends telomeres, or by activating a mechanism termed alternative lengthening of telomeres (ALT), which is based on a common method of DNA repair, homologous recombination. On page 54, Dilley et al. 1 reveal a mechanism that underlies ALT and identify an unusual DNA polymerase that mediates this process. During homologous recombination, a double-strand break in the DNA of one chromosome is repaired by a DNA polymerase using template DNA that is taken from a matching sister chromatid -an identical DNA molecule generated during replication. Cancer cells that use ALT often show higher levels of DNA damage at telomeres than do non-ALT cells 2 , which may predispose them to use homologous recombination to repair breaks in telomeric DNA. In human ALT cancer-cell lines, evidence of enhanced homologous recombination at telomeres includes an increase in telomere exchanges between sister chromatids compared to other cell lines 3 , and evidence for the copying of DNA tags from one chromosome end to another 4 . An estimated 10-15% of tumours use ALT to maintain their telomeres, making this process an important target for cancer therapy 5, 6 . However, dissection of the molecular mechanisms that underlie ALT has been challenging.
There are two ways in which telomeres might use homologous recombination to maintain their length. In the first model, unequal exchange of DNA between sister telomeres creates a longer and a shorter telomere, one of which is inherited by each daughter cell. The cells that inherit longer telomeres eventually outcompete those that have shorter telomeres. In the second model, which is increasingly gaining favour, telomeric DNA is synthesized using an existing piece of telomeric template, either from another telomere or from free molecules of repetitive DNA called extrachromosomal telomeric DNA that are found in ALT cells 5 . Dilley et al. provide strong support for the second model. To encourage homologous recombination in ALT cells, the authors exploit a system they had previously engineered 7 to create targeted double-strand breaks in telomeres by fusing the Fok1 nuclease enzyme, which cleaves DNA, to the telomere-binding protein TRF1. They observe a tenfold increase in telomeric DNA synthesis after TRF1-Fok1 induction in cells known to use ALT. Further more, they show that this synthesis is unidirectional and processive -capable of synthesizing long tracts of telomere repeats typically 20 kilobases long (the length of an average ALT telomere). The kinetics of this synthesis are consistent with those that could sites has a solid foundation. It represents decades of continuous research in the African continent that has provided hundreds of lithic assemblages, dated from as early as 3.3 million years ago 4 and retrieved from sites that have a firmly established geological context. The African Early Stone Age archaeological record is based on a large body of evidence, including other contextual site data such as time-dating information and fossil analysis to consider together with the lithic assemblages. However, primate rock modification might bring new insight to the long-running archaeological debate about the origins and nature of modified stones identified from the American continent during the Late Pleistocene epoch (between 40,000 and 20,000 years ago) [5] [6] [7] [8] [9] . What early hominins and capuchins are doing to the stones is a goal-oriented action, but not with the same intention. In Early Stone Age archaeology, even if the function of all hominin stone tools is not known, stone-striking activities are mainly thought to be linked to intentional recurrent production of sharpedged flakes. Other pounding activities producing less-distinctive stone artefacts might have occurred, but are less easy to demonstrate. Some stone tools from archaeological Early Stone Age sites have physical indications of functional tool usage. Stone tools are often associated with faunal remains, such as bones bearing defleshing cut-marks inflicted by a sharp-edged tool, or the tools can have impact marks indicating breakage caused by a pounding tool 10 . The goal of the capuchins' stone-pounding described by Proffitt and colleagues is unknown. The only obvious linked action is the monkeys' systematic licking of the pounded quartzite stone, which occurs after almost every blow to the pounded stone surface. Discussing the possibility of ingestion of nutritional components in the powdered rocks, the authors mention the trace nutrient silicon. However, silicon's essential role during connective-tissue formation and calcium deposition is at an early stage of bone calcification 11 , yet one of the capuchins videoed in action by Proffitt and colleagues seems to be a young adult. Nevertheless, the benefit of ingesting powdered quartz is a possibility to consider.
The same research group recently demonstrated 12 that the capuchin monkeys of Serra da Capivara National Park have used quartzite cobbles to pound open nuts for at least 600 or 700 years. The capuchins might also have been engaged in unintentional knapping for an equivalent or even longer period of time. Investigating the antiquity of the stonesmashing behaviour or trying to determine the behaviour's function and possible role in capuchin evolution are some of the many promising fields of research rippling out from the shattering discovery by Proffitt 
